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@ Image forming apparatus.

@ An electrophotographic image forming apparatus
in which the image forming conditions, for example
exposure conditions, are regulated according to the

ambient conditions, such as humidity, detected by
suitable sensors, to achieve stable image formation.
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BACKGROUND OF THE INVENTION

Field of the Invention

The present invention relates to an apparatus
for forming an image on a recording member.

Related Background Art

There is already known an apparatus for for-
ming an image, through an electrophotographic
process, by charging and exposing a photosen-
sitive member fo form an electrostatic latent image
thereon and developing said latent image.

The sensitivity of a photosensitive member var-
ies with the lapse of time or by a change in the
ambient or circumstantial conditions such as tem-
perature and humidity. In an apparatus for forming
a dot-pattern image on a photosensitive member
by means of a laser beam or the like, there is often
employed a method of modulating each pixel with
a predetermined area rate, but, in such method,
control has been made with predetermined area
rates for the start and stop of laser beam emission,
since the points of said start and stop are inevitably
distant in time. There have been known time-de-
pendent changes in the potential Voo of the pho-
tosensitive member at the start of laser beam emis-
sion and the potential Ve at the end of laser beam
emission, as shown in Fig. 13.

Fig. 13 shows the surface potential in ordinate
as a function of the grid voltage VG of the primary
charger in abscissa. Since the surface potential Voo
varies from A to B in time while the surface poten-
tial Ve varies from C to D, it is necessary to vary
the grid voltage from 700V to 1000V in order to
attain a same value of V; = (Voo - VEr) = 420 V.
However it has been difficult to precisely cover a
voltage range from 200V to 1000V in a high-voltage
unit.

Also the performance of the developing unit
varies with the circumstantial conditions. Particu-
larly the image density is affected by the humidity,
and it is often not possible to obtain an optimum
density.

In consideration of the foregoing, an object of
the present invention is to provide an improved
image forming apparatus.

According to the invention there is provided an
image forming apparatus comprising image for-
ming means for forming an image on a recording
member, said image forming means including ex-
posure means for exposing said recording member
and converter means for converting input digital
image data according to conversion information;
first detector means for detecting a surface con-
dition of said recording member; and second de-
tector means for detecting ambient conditions in

10

15

25

30

35

40

45

50

55

the apparatus; characterised by control means for
controlling an operational condition of said image
forming means in accordance with outputs of said
first and second detector means, the amount of
light of said exposure means and characteristic of
said converter means being changed in accor-
dance with the outputs of said first and second
detector means.

The present invention also aims to form an
image with satisfactory tonal rendition regardless of
changes in the circumstantial conditions.

The present invention may further provide an
image forming apparatus capable of forming an
image with satisfactory tonal rendition regardless of
time-dependent change in the characteristic of re-
cording member.

Preferably the present invention provides an
image forming apparatus capable of forming a col-
or image with constant color reproduction.

In the accompanying drawings:

Figs. 1A and 1B are block diagrams of a color
copying machine embodying the present inven-
tion;

Fig. 2 is a block diagram of a tone control
circuif;

Fig. 3 is a timing chart showing signals in a
synchronization control block;

Fig. 4 is a flow chart of the control sequence of
a control unit in a reader unit;

Fig. 5 is a flow chart of the control sequence of
a control unit in a printer unit;

Fig. 6 is a flow chart of the control sequence for
data output of a pattern generator and potential
reading;

Fig. 7 is a chart showing the relation between
output data of the pattern generator and the
potential of a photosensitive member;

Fig. 8 is a cross-sectional view of a color copy-
ing machine;

Fig. 9 is a chart showing the relation between
print image density and humidity under a same
image forming condition;

Fig. 10 is a chart showing the relation between
print image density and surface potential of a
photosensitive member under a same image
forming condition;

Fig. 11 is a chart showing the relations, stored in
a ROM in advance, between density data and
data measured with a potential sensor;

Fig. 12 is a chart showing the relation between
input image signal and output image density;
Fig. 13 is a chart showing the relation between
the surface potential of a photosensitive member
and control voltage, also indicating time-depen-
dent change in potential;

Fig. 14-1 is a chart showing the relation between
electric power supplied to a laser and light emis-
sion therefrom;
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Fig. 14-2 is a chart showing the relation between
the duration of a binary pulse signal and the
intensity of light emission from a laser;

Fig. 15 is a circuit diagram of a laser driver
circuit 22;

Fig. 16 is a block diagram of a binary digitizing
circuit 44; and

Fig. 17 is a chart showing characteristics of a
humidity sensor.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Now the present invention will be clarified in
detail by embodiments thereof shown in the at-
tached drawings.

Explanation of a block diagram of color copying
machine (Fig. 1)

Fig. 1 is a block diagram of a color copying
machine embodying the present invention.

A synchronization signal processing unit 1 gen-
erates various timing signals in synchronization
with a horizontal synchronization signal 32 supplied
from a tone control circuit 21 in response to a
signal from a beam detector 20 of a printer unit
200. A contact-type CCD sensor block 2 reads and
converts an original image into an electrical signal
5, in response 1o a reader horizontal synchroniza-
tion signal RHSYNC and a drive signal 4 generated
by the synchronization signal processing unit 1. A
signal processing unit 3 is provided for a signal
shaping in order to prevent attenuation of high-
frequency components of the signal 5.

In an image processing block 6, the image
signal from the signal processing unit 3 is at first
supplied to an analog process unit 7. As the con-
tact-type CCD sensor block 2 time-sequentially re-
leases signals of cyan (C), green (G) and yellow
(Y) constituting each pixel, the analog processing
unit 7 at first separates said signals into respective
colors of C, G and Y. Since a printer unit 200 is
provided with developing stations for yellow (Y),
magenta (M) and cyan (C), said image signals are
converted into read signal (R), green signal (G) and
blue signal (B) by calculations C-G = Band Y -
G = R. Said R, G and B signals thus obtained,
linearly varying in voltage in relation to the image
density, are converted into 8-bit digital density sig-
nal by an A/D converter. These processes are
conducted in the analog processing unit 7.

The image signal of each color digitized in the
analog processing unit 7 is divided in 5 channels
which are mutually unsynchronized. Thus said
channels are synthesized by a jointing memory 8
to obtain unified image data. The image data syn-
thesized and converted into Y, M and C signals in
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the jointing memory 8 are supplied, in synchronous
manner, to an image processing unit (IPU) 9 for
effecting a shading correction and a masking cor-
rection. Then a desired color signal is selected by
a control unit 10 of the reader unit 100, and an 8-
bit color signal after predetermined color conver-
sion is supplied from the IPU 9 to the printer unit
200 through a data line 11.

Separately the control unit 10 activates a motor
driver 13 to control a motor 12 for scanning the
original image, and also controls a CVR unit 15 for
controlling an exposure lamp 14 and an operation
unit 16 for instructing copy and other operations.

There is provided an unrepresented mode se-
lector switch for achieving a sharp reproduction
from a latter original and a tonal reproduction from
a photograph original, and the information of such
mode is supplied from the operation unit 16 o the
control unit 10 and then to the printer unit.

In response to said information the control unit
of the printer controls a selector of a binary digitiz-
ing circuit to be explained later, according to the
signal from a CPU 25-1.

The image data 11 from the reader unit 100
are supplied to a tone control circuit 21 of the
printer unit 200. The tone control circuit 21 has a
function of synchronizing the image clock signal of
the reader unit 100 with the image clock signal of
the printer unit 200, and a function of correlating
the image data with the reproduced color density in
the printer unit 200. The output signal from the
tone control circuit 21 is supplied to a laser driver
22 for driving a laser element 23, thereby effecting
image formation.

The control unit 25 of the printer communicates
with the reader unit 100 through a communication
control line 24 and controls various units of the
printer 200. There are provided a potential sensor
26 for detecting the charge on a photosensitive
member 29, and a potential measuring unit 27 for
converting the output signal of the potential sensor
26 into a digital signal for supply to the control unit
25. A potential signal supplied to the control unit 25
is fetched by the CPU 25-1 thereof for use in a
control operation to be explained later. Also an
image top signal ITOP indicating the leading end of
the image from a sensor 28 is also supplied to the
control unit 25 for controlling the recording opera-
tion. Also signals from a humidity sensor 98 and a
temperature sensor 99, for correcting the develop-
ing characteristics, are supplied through an A/D
converter 25-3 of the control unit 25. The humidity
sensor 98 in the present embodiment varies the
resistance according to the relative humidity, as
shown in Fig. 17, showing the resistance in or-
dinate and the relative humidity in abscissa. Thus
the relative humidity AH, indicating the ratio of the
amount of vapor in the air to the saturated amount
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of vapor at each temperature is given by:
AH = (T, H)

wherein T is temperature and H is the indication of
the humidity sensor. Said function f is generally
represented by a third-order function. Thus the
relative humidity is determined by obtaining said T
and H from the output signals of the temperature
sensor 99 and the humidity sensor 98, converting
said signals into digital signals by the A/D con-
verter 25-3 of the control unit and processing thus
obtained digital signals.

The relative humidity thus determined is used
in a control operation to be explained later.

Fig. 8 is a cross-sectional view of a copying
machine utilizing the contact-type CCD sensor of
the present embodiment.

The copying machine 80 is composed of a
reader unit 100 and a printer unit 200. An original
scanning unit 83 is adapted to move in a direction
A for reading the image of an original document 84
placed on an original support plate, simultaneously
turning on an exposure lamp 85 in the scanning
unit 83. The light reflected from the original is
guided to a converging rod lens array 86 and
focused on a contact-type color CCD sensor 87,
consisting of a staggered arrangement of 5 CCD
chips of 1024 pixels each, wherein each pixel has a
size of 62.5 um (1/16 mm) and is divided into three
areas of 15.5 x 62.5 um each, having respectively
cyan, green, and yellow filters.

The optical image focused on the color CCD
sensor 87 is converted into electric signals of re-
spective colors, which are subjected to a process
fo be explained later in an image processing block
88. The color-separated image signals released
from said block 88 are supplied to the printer 200
for image printing.

The color image signals from the reader 100
are used, after pulse width modulation etc., for
driving the laser element. The laser beam modu-
lated according to the image signals is deflected
into a scanning motion by a polygon mirror 89
rotated at a high speed, then reflected by a mirror
90 and irradiates the surface of a photosensitive
drum 91 fo effect dot exposure thereon corre-
sponding to the image. A horizontal scanning line
of the laser beam corresponds to a horizontal scan-
ning line of the image and has a width of 1/16 mm
in the present embodiment. As the photosensitive
drum 91 is rotated in a direction indicated by an
arrow at a constant speed, a two-dimensional im-
age is exposed thereon by a main scanning
achieved by the movement of said laser beam and
a sub scanning achieved by said rotation of the
photosensitive drum 91. The photosensitive drum
91 is uniformly charged in advance by a charger
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97, and a latent image is formed by the exposure
on said photosensitive drum. A latent image cor-
responding to the signal of a particular color is
developed in one of developing units 92 - 95
corresponding fo said color.

For example, in response to a first scanning
operation of the original image in the color reader
unit, a dot image of the yellow component of said
original image is exposed on the photosensitive
drum 91, and is developed by the yellow develop-
ing unit 92. The yellow image thus obtained is
transferred onto a sheet wound on a transfer drum
96, by means of a transfer charger 98 at the
contact point of the photo-sensitive drum 91 and
the transfer drum 96, whereby a yellow toner im-
age is formed on said sheet. Same process is
repeated for magenta, cyan and black colors, and
these color images are superposed on said sheet
o obtain a four-color toner image.

As the characteristic of the developer in the
developing units is dependent on humidity, the
image densities under same image forming con-
ditions vary as a function of humidity as shown in
Fig. 9. Also Fig. 10 shows the image density as a
function of the surface potential of the photosen-
sitive drum, in which humidity is taken as a param-
eter.

Consequently the required target potential for a
fixed target image density Do is Vg, Vi or Vg
respectively for a relative humidity of 80%, 50% or
20% (in the present embodiment Vo = 150 V, V¢,
= 240 V and Vg = 300 V). It should be noticed
that the image density characteristic to humidity as
shown in Fig. 9 varies on each color, and thus the
required target potential also varies on each color.

On the other hand, in the potential characteris-
tic of the photosensitive member shown in Fig. 13,
a contrast equal to or higher than 250V requires an
elevated grid voltage which is unable to provide a
necessary precision of control, so that the laser
power has to be suitably switched. In the present
embodiment, therefore, the laser power is switched
at the relative humidity of 50%, and is selected
lower or higher respectively above or below the
humidity of 50 %.

Explanation of tone control circuit (Figs. 2 and 3)

Fig. 2 is a block diagram of the tone control
circuit 21.

The 8-bit image data 11 released from the IPU
9 of the reader 100 is supplied to a buffer memory
30 in synchronization with a synchronization signal
RHSYNC and an image clock signal RCLK from the
synchronization signal process unit 1, and the im-
age signal stored in the buffer memory 30 is read
therefrom in synchronization with signals HSYNC
and CLK 32 from a synchronization control unit 31.
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In this manner the image signal is adjusted to the
difference in synchronization and speed between
the reader 100 and the printer 200, and is supplied
o a selector 33.

When a selection signal 34 from a CPU 25-1 of
a control unit 25 selects the input A of the selector
33, the image signal is supplied to the address
terminal of a look-up table RAM (LUTRAM) 38.
When the CPU 25-1 selects the reading mode of
the RAM 3 by a control signal 36, data correspond-
ing to the address input are released from the RAM
38. The released data are supplied to a selector
39, and further supplied to a next selector 40 by
the aforementioned selection signal 34. When a
selection signal 42 of the selector 40 selecis the
input A, said data are supplied to a D/A converter
41 for conversion into an analog signal.

The analog image signal 41-1 thus obtained is
binary encoded by a binary encoding circuit 44, of
which an example is shown in Fig. 16. In response
o a clock signal 51 released from the synchroniza-
tion control unit 31, triangular wave generators 44-
1, 44-7, 44-13 and 44-19 generate triangular waves,
which are subjected to the regulation of gain level
and offset set by variable resistors 44-3, 44-9, 44-
15, 44-21, 44-5, 44-11, 44-17 and 44-23 and are
compared with the analog image signal 41-1 in
comparators 44-6, 44-12, 44-18 and 44-24 to obtain
pulse-width modulated signals for supply to inputs
A - D of a selector 44-25.

Fig. 14-2 shows the relation between the re-
leased pulse width and the amount of laser beam
emission. In order to fully utilize the linear portion
of the characteristic curve corresponding to the
hexadecimal levels (00 - FFy) of the image signal,
the aforementioned variable resistors for regulating
the gain and offset levels are manually regulated in
cooperation with an energy measuring device pro-
vided in the optical path, in such a manner that the
level 00y corresponds to the initial position of the
linear portion and the level FFy corresponds to a
position immediately before the end of said linear
portion.

However the laser current becomes different
when the laser power is switched as will be ex-
plained later. As the laser element starts light emis-
sion above a predetermined threshold current, the
amount of light emission becomes different even
with a same pulse duration as shown in Fig. 14-1.
Consequently, when the laser power is varied, the
linear range of the amount of light emission as a
function of the pulse duration supplied to the laser
driver 22 varies depending on the laser power, as
indicated by curves (1) and (2) in Fig. 14-2, respec-
tively corresponding to higher and lower laser pow-
er levels.

Therefore, in order to obtain a same image
density from a same image signal with varied
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amount of laser light emission, it becomes neces-
sary to regulate the pulse duration in response fo
the change in the amount of light emission. This is
achieved, in the present embodiment, by employ-
ing a number of binary encoding circuits corre-
sponding to the number of switched levels of the
laser power. Though the present embodiment em-
ploys plural digitizing circuits as shown in Fig. 16,
it is also possible to use selectively plural circuits
for controlling the gain and offset levels.

Also plural binary encoding circuits for the
switched levels of the laser power are also pro-
vided for a clock signal 3LCK 52 of a frequency
different from that of the clock signal 51 from the
synchronization control unit 31. The selector 44-25
selects one of plural pulse-width modulated binary
image signals according to a signal from the CPU
25-1.

The image signal pulse-width modulated by the
binary encoding circuit 44 is supplied, through an
OR gate 45 and an AND gate 46, to the laser driver
22.

Fig. 15 shows the details of said laser driver
22, in which an analog switch 22-7 is controlled
according to the information discriminated by the
control unit 25, thereby varying the constant cur-
rent supplied to the laser element 23, as will be
explained in more detail in the following.

The signal from the AND gate 46 of the tone
control circuit 21 is supplied, through a buffer 22-1
in the laser driver 22, to a fransistor 22-2 constitut-
ing a differential circuit, of which the other transis-
for 22-3 is used for driving the laser element 23.
These transistors are given a constant current by a
fransistor 22-4. An operational amplifier 22-5 re-
ceives, at the positive input terminal thereof, a
signal supplied from a constant voltage source 22-
6, and, at the negative input terminal thereof, a
voltage across a resistor R5 for detecting the cur-
rent in the transistor 22-4, and supplies the transis-
for 22-4 with a voltage for causing a constant
current. On the other hand, an analog switch 22-7
controlled by a buffer 22-8 receiving an /O signal
from the control unit 25, varies the voltage supplied
to the positive input terminal of the operational
amplifier 22-5, thereby varying the current supplied
fo the laser element 23. In this manner the analog
switch 22-7 is controlled according to the humidity
information, thereby switching the current to be
supplied to the laser element.

If the point (a) is left open even momentarily at
the voltage switching, the output of the operational
amplifier increases to elevate the current without
limit, thereby eventually leading to the destruction
of the semiconductor laser. The analog switch is
provided for preventing such phenomenon.

A blanking signal 48 from the synchronization
control unit 31 is used for turning on the laser
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element 23 for enabling the beam detector to de-
tect the arrival of the beam. An inhibit signal 49
from the CPU 25-1 is used for inhibiting the func-
tion of the laser element 23, thereby extending the
service life thereof.

A pattern generator 50 generates a predeter-
mined pattern for checking the image signal, and, it
receives a ftransfer drum synchronization signal
ITOP, the horizontal synchronization signal HSYNC
of the printer 200 and a control signal from the
CPU 25-1. When said pattern signal is released,
the CPU 25-1 shifts the selection signal 42 for the
selector 40 to the input B, thereby supplying the
signal of the pattern generator 50 to the D/A con-
verter 41 and thus checking the image signal.

The synchronization control unit 31 releases a
clock signal CLK 51 or 3LCK 52 for generating
triangular wave based on a reference clock signal
from a crystal oscillator in response to an instruc-
tion from the CPU 25-1. I also receives the beam
detection signal from the beam detector 20, and
releases the blanking signal 48, the horizontal syn-
chronization signal HSYNC of the printer 200, and
the image clock signal CLK. The binary encoding
circuit 44 releases a binary encoded signal 47 in
synchronization with the CLK signal 51 or the 3CLK
signal 52.

Fig. 3 is a timing chart showing the timing of
said beam detection signal and blanking signal 48.

The synchronization control unit 31 receives a
clock signal, from a crystal oscillator, of a fre-
quency larger than twice of that of the image clock
signal, and releases the signals HSYNC and CLK in
synchronization with the beam detection signal and
said clock signal. The blanking signal 48 is formed
by a counter which is reset at the end of the beam
detection signal BD and measures a period shorter
than the period of said beam detection signal BD.

Explanation of function of the reader unit (Fig. 4)

Fig. 4 is a flow chart showing the function of
the CPU 10-1 of the control unit 10 of the reader
100, and a corresponding program is stored in the
ROM 10-2 shown in Fig. 1A.

When the power supply to the reader 100 is
started, a step S1 executes an initial display rou-
tine, including the checking of input/output states,
initialization of the RAM 10-3 in Fig. 1A and move-
ment of the scanning start point. Then a step S2
detects whether the reader 100 is connected with
the printer 200. A step S3 discriminates whether a
print switch in the operation unit 16 has been
actuated, and, if actuated, a step S4 sends a print-
on command to the printer 200. Then a step S5
awaits the entry of the signal ITOP from the printer
200, and, upon entry thereof, a step S6 initiates the
scanning of the original image with a designated
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color mode and sends the image signal to the
printer 200.

Explanation of function of the printer (Fig. 5)

Fig. 5 is a flow chart of the control sequence of
the control unit 25 of the printer 200, and a cor-
responding program is stored in the ROM 25-2
shown in Fig. 1B.

When the power supply to the printer 200 is
initiated, a step S10 executes an initial routine,
including the checking of input/output states, in-
itialisation of the RAM and removal of retentive
charge on the photosensitive drum. A step S11
then checks the connection with the reader 100,
and, when said connection is confirmed, a step
S12 discriminates whether the heater of the fixing
unit has been warmed up to a predetermined tem-
perature. Upon completion of the warming-up, a
step S13 discriminates whether a print command
has been sent from the reader 100. In response to
a print command, a step S14 (S14-1 - S14-4)
executes a process PGON to be explained later,
respectively for the clock signals used for generat-
ing the triangular wave and for controlling the laser
power.

A step S15 calculates the data to be stored in
the LUTRAM 38 according to the humidity data
and the character/photograph information (data for
selecting the clock signal CLK or 3CLK) from the
reader, based on the result of the step S14 as will
be explained later. The clock signal CLK or 3CLK
is selected respectively for the character informa-
tion or the photograph information. The calculated
data are stored in the LUTRAM 38 in a step S16,
by selecting the input terminal B of the selector 33
by the selection signal 34 and connecting a data
bus 36 of the CPU 25-1 through the selector 39 to
the data input terminal of the LUTRAM 38. The
CPU 25-1 releases the address of the LUTRAM 38
to an address bus 35 and the data to be stored to
a data but 37, and the storage into the LUTRAM 38
is conducted by the enfry of writing pulses in
response to the control signal 36.

Then a step S17 discriminates whether the
storage in the LUTRAM 38 has been completed,
and, if completed, a step S18 sends the signal
ITOP to the reader 100. In response to said signal,
in the flow chart shown in Fig. 4, the sequence
proceeds from the step S5 to S6. Then a step S19
sets a designated color mode, and the tone control
is executed by switching the address of the
LUTRAM 38 for each color. A step S20 executes a
printing operation of the designated color. Upon
completion of a designation color mode of color
image formation, the sequence returns fo the step
Si1.
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Explanation of PGON process (Figs. 6 and 7)

The PGON processes in the steps S14-1 fo
S14-4 are summarized in Fig. 6 as they are mutu-
ally same except for the laser power and the clock
signal used for generating the triangular wave.

Fig. 6 is a flow chart of the PGON process in
the step S14 in Fig. 5, for activating the pattern
generator 50 to release a predetermined pattern
and reading the surface potential of the photosen-
sitive drum.

At first a step S30 causes the selection signal
42 to select the input terminal B of the selector 40,
for supplying the signal of the pattern generator 50
to the D/A converter 41. Then a step S31 causes
the potential measuring unit 27 to measure the
potential which is generated on the photosensitive
drum 29 by a laser beam emitted in response to a
signal, for example "00", from the pattern gener-
ator 50. The binary digitizing circuit 44 is so ad-
justed in advance that the comparators 44-6, 44-12,
44-18 and 44-24 release a limit pulse enough for
inducing light emission from the laser element in
response to a "0" input signal to the D/A converter
41. Thus the photosensitive member 29 is uni-
formly irradiated by the laser driver 22 and laser
element 23.

Also the binary encoding circuit 44 is so ad-
justed in advance that the laser element 23 emits
light with a period shorter than the period of the
triangular wave, thereby exactly reproducing dots
when the pattern generator 50 releases a hex-
adecimal signal "FF" in the step S31, and the
potential corresponding to said signal "FF" is read
in the same manner.

A step S32 determines the target surface po-
tential Vg from Fig. 10 in order to provide a
predetermined image density in response to the
detected humidity, and discriminates whether the
difference of the measured potentials Voo and Vg
respectively corresponding to the signals "00" and
"FF" from the pattern generator 50 is equal to a
predetermined value. If not, the sequence proceeds
to a step S33 for varying the high voltage of the
charger 97 shown in Fig. 1, and the sequence
returns to the step S31 for repeating the procedure.

On the other hand, if said difference in the step
832 is equal to Vg, the sequence proceeds to a
step S34 for activating the pattern generator 50,
whereupon the pattern generator 50 starts to func-
tion as a m-bit counter for counting the HSYNC
signal in synchronization with the ITOP signal, and
releases signals in succession, by dividing the sig-
nals "00" to "FF" into a predetermined number m
of levels. The signal thus obtained is supplied
through the selector 40 to the D/A converter 41 for
obtaining an analog signal for driving the laser
element 23. Steps 35 and 36 read the potential of
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the photosensitive member 29 varying in m levels
in response to said analog signal, and store said
potential in succession corresponding to the output
signal of the pattern generator 50. In the present
embodiment said number m is taken as 16.

Fig. 7 shows the relation between the input
signal of the D/A converter 41 and the voltage
measured by the potential measuring unit 27.

The photosensitive member 29 is charged to a
negative potential, so that the potential is elevated
by the irradiation with a laser beam, and negatively
charged toner is correspondingly deposited. In Fig.
7, Vpp indicates a charge level when the laser is
not activated, and V| indicates a charge level when
the laser is fully activated.

In the present embodiment, the PGON process
is executed, prior to every copying sequence, for
all the laser power levels and the clock signal for
generating the triangular wave, but said process
may be conducted at a predetermined interval with
a suitable timer, or after a predetermined number
of copying operations. Also it may be conducted
for a selected laser power level and a selected
clock signal.

It is furthermore possible to employ the exclu-
sive sequence for the PGON process to store the
measured values, and to prepare a look-up table
by means of the stored data at the ordinary copy-
ing sequence.

Preparation of look-up table (step 21) (Fig. 12)

Fig. 12 shows the relationship between the
input image signal and the output image density
wherein;

1st quadrant indicates the output density D as
a function of the input level ¢;

2nd quadrant indicates the relation (LUT) be-
tween the conversion level E and the input level e;

3rd quadrant indicates the relation (EV curve)
between the conversion level E and the potential V
measured by the potential sensor; and

4th quadrant indicates the relation (VD curve)
between the output density D and the measured
potential V; wherein:

V = (value measured by potential sensor - Vgg)/-
(Voo - Vrr)

D = (density/maximum density) x "FF"

Voo : potential measured by potential sensor in
response to a signal "00"

Veg: potential measured by potential sensor in
response to a signal "FF".

The VD curve is selected from plural curves
stored in advance in the ROM 25-2 according to
the developers, laser power levels and the clock
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signals for generating triangular wave for use in the
binary encoding circuit 44 in Fig. 2 (clock signals
CLK 51, 3CLK 52).

Since the EV curve is almost linear, the PG
process for potential measurement (step S34 in
Fig. 6) is conducted by storing a table correspond-
ing to the selected VD-curve (table with inverted x-
and y-axes of the VD-curve) in the LUTRAM 38,
and utilizing the data converted by the table in the
LUTRAM 38. Said data stored in the LUTRAM 38
may also be stored in advance in a ROM.

The preparation of the look-up table is con-
ducted in such a manner that a conversion level Ei
is obtained corresponding to the input level ei and
the density level Di, in order that the output density
D varies linearly as a function of the input level e,
wherein the output ei of the pattern generator pro-
vides a measured potential Vi corresponding to a
density Di according to the VD curve. As the output
of the pattern generator is varied in 16 levels in the
present embodiment, there are prepared 16 LUT
data, and said data are completed from "00" to
"FF" by approximation with folded lines.

In the foregoing embodiment the look-up table
is formed in a RAM, but it is also possible to store
plural data groups in a ROM and to select a
suitable group according to the result of calculation
by the CPU.

As explained before, the foregoing embodiment
allows to obtain stable image by maintaining a
constant relationship between the potential on the
photosensitive member and the image signal and
also taking the characteristic of developer into cin-
sideration. Also in case of a color image, it allows
to prevent fluctuation in colors, thereby providing
an image with constant color.

Though the foregoing description has been
limited to a color image forming apparatus in which
a laser and an electrophotographic process are
combined, but the present invention is not limited
to such embodiment. In fact it is subject to various
modifications within the scope and spirit of the
appended claims.

Claims

1. An image forming apparatus comprising:

image forming means (83,85,90) for for-
ming an image on a recording member (91),
said image forming means including exposure
means (23) for exposing said recording mem-
ber and converter means (21, 38) for convert-
ing input digital image data according to con-
version information;

first detector means (26) for detecting a
surface condition of said recording member;
and

second detector means (98,99) for detect-
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ing ambient conditions in the apparatus;
characterised by

control means (25) for controlling an oper-
ational condition of said image forming means
in accordance with outputs of said first and
second detector means, the amount of light of
said exposure means and characteristic of said
converter means being changed in accordance
with the outputs of said first and second detec-
tor means.

An image forming apparatus according fo
claim 1, characterised in that said image for-
ming means comprises charger means (97) for
charging the recording member and said first
detector means (26) is adapted to detect the
surface potential of said recording member,
and said control means (25) controls the output
level of said charger means (97) in accordance
with the surface potential level detected by
said first detector means (26).

An image forming apparatus according fo
claim 1 or 2, characterised in that said control
means (25) is adapted to control the oper-
ational condition of said image forming means
so as to obtain a contrast potential according
to said reference value.

An image forming apparatus according fo
claim 1, 2 or 3, characterised in that said
second detector means (98) is adapted to de-
tect the humidity in said apparatus.

An image forming apparatus according to any
one of claims 1 to 4, characterised in that said
image forming means is adapted to switch the
amount of light of said exposure means in
accordance with the output of said second
detector means.

An image forming apparatus according fo
claim 5, wherein said exposure means com-
prises a laser element (23).

An image forming apparatus according fo
claim 5 or 6, characterised in that said image
forming means includes plural process means
for effecting binary digitizing according to im-
age data; and said control means includes
selector means for selecting one of plural pro-
cess means, corresponding to the switched
amount of light, according to the switching
operation of said switch means.

An image forming apparatus according fo
claim 7, characterised in that said process
means comprises signal generator means for
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generating a predetermined analog pattern sig-
nal, and comparator means for comparing the
analog image signal with said analog pattern
signal.

An image forming apparatus according fo
claim 8, characterised in that said image for-
ming means is adapted fo form a dot image on
said recording member by modulating said
exposure means according to the output of
said comparator means.

An image forming apparatus according fo
claim 8, characterised in that said signal gen-
erator means comprises regulator means for
regulating the gain of said analog pattern sig-
nal.

An image forming apparatus according fo
claim 8 or 10, characterised in that said signal
generator means comprises regulator means
for regulating the offset level of said analog
pattern signal.

An image forming apparatus according fo
claim 7, characterised in that switch means is
adapted to detect the ambient conditions in
said apparatus and to switch the amount of
light of said exposure means according to the
value of said detection.

An image forming apparatus as claimed in any
one of claims 1 to 12, characterised by plural
output means to oufput an image signal by
selecting thus converted image data.

An image forming apparatus according to any
one of claims 1-13, characterized in that said
converter means comprises memory means
storing said conversion information.

An image forming apparatus according fo
claim 14, characterised in that said control
means is adapted to form a predetermined
pattern on said recording member by means of
selected output means, to detect the surface
state corresponding to said pattern, and to
vary said conversion information according fo
the result of said detection.

An image forming apparatus as claimed in
claim 13, 14 or 15, characterised by output
means for releasing the converted image data
as an image signal; and regulator means for
regulating the image signal released from said
output means.
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An image forming apparatus according fo
claim 16, wherein said output means com-
prises means for D/A conversion of said con-
verted image data, means for generating an
analog reference signal of a predetermined
cycle period, and comparator means for com-
paring an analog image signal output from said
D/A converter means with said analog refer-
ence signal to generate a pulse-width modu-
lated signal.

An image forming apparatus according fo
claim 17, characterised in that said regulator
means is adapted to regulate the gain or offset
level of said analog reference signal.

An image forming apparatus according fo
claim 18, characterised in that said reference
signal generator means is adapted to generate
reference signal of different cycle periods for
generating said analog signals of different cy-
cle period, and said image forming parameter
is the cycle period of said reference signal.

An image forming apparatus according fo
claim 1, characterised in that said first detector
means detects the surface condition in an area
formed on the recording member when said
exposure means is operated with an amount of
light selected in accordance with the output of
said second detector means, and said control
means conirols the operational condition of
said image forming means in accordance with
the thus-detected value of said first detector
means and the selected reference value.

An image forming apparatus according fo
claim 20, characterised in that said first detec-
tor means is adapted to detect surface poten-
tials of an exposure area and non-exposure
area on said recording member.
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